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ABSTRACT 

This study is carried out with the aim of developing sustainable port management in container 

terminals, allowing the volume of container traffic to grow, while at the same time reducing the 

consumption of energy and natural resources, the volume of waste generated and the negative impacts 

on social systems and ecosystems in the areas of influence of the port. The analysis of sustainability will 

be carried out using KPIs, which are management tools widely used by companies worldwide to measure 

and evaluate the performance of their processes and manage them in the most effective and efficient 

manner. As a main conclusion, it is indicated that it is not possible to reach the objective pursued of 

finding a relationship that could link the productivity indicators and the environmental indicators in the 

Spanish container terminals. The container terminals of the Spanish port system are heterogeneous, both 

in terms of operational management and environmental sustainability. They all operate with very 

different systems 
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1.  INTRODUCTION 

 

The word sustainability can be defined in many ways and is almost always linked to the 

concepts of sustainable development and corporate social responsibility [1]. One of the most 

accurate definitions is: "Capacity to maintain the long-term continuity of the environment and 

of human activities in their economic, social, institutional and environmental aspects" (AENOR 

2009).  

It is understood that in the framework of sustainable management, the contribution of 

value should not be limited only to the contribution of economic value. The concept of 

sustainability applied to social entities such as municipalities or countries has a clear meaning 

[2], since in principle it seems logical that the objective of the public authorities is the 

maintenance and long-term strengthening of the economic, environmental and socio-cultural 

capital of human groups, in other words, the good management of resources and their social 

distribution. On the other hand, the approach for private entities, such as companies or 

individuals, is different: if their only objective is the short term, then sustainability is not 

interested in their economic management and appears as a brake on their interests; however, if 

their objectives are to generate economic value in the medium and long term, other values 

appear in business management, where the concept of sustainability is vital and, furthermore, 

will allow them to control non-productive costs, risks, social commitment, their brand image, 

as well as innovate and open up to new markets. 

The concept of sustainable management, with the integration of the social and 

environmental dimensions in the government and administration of companies or in the 

management of businesses, is driven by the legal framework both European and national. The 

regulations cover general strategies for sustainable development and also others more specific 

to the port sector. For its part, Spanish legislation also echoes these laws and issues its own 

regulations.  

Thus, sustainability takes into account the four dimensions represented in Figure 1.  

 

 
 

Figure 1. Sustainability dimensions. Source: Own production based on [3] 
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Increased environmental awareness creates new challenges for port development [4]. 

Climate change requires adaptation measures to minimize the impacts on maritime transport, 

such as rising sea levels, increased flood water levels and accessibility of ports and waterways. 

Increasingly stringent national and international legislation for new ports or expansions of 

existing ports is incorporating these issues to ensure that environmental impacts are minimized 

and port operations are sustainable in the long term [5]. Regulations are applied through a 

permit system in which certain methods of construction and operation are predefined, including 

mitigation and compensation measures (PIANC). Ports must be actively involved in adopting 

strategies about their future, in addition to supporting the regional economy and the quality of 

life of workers and citizens. The large and very expensive infrastructure that is created to 

organize port operations requires getting the trend right. Some measures that have already been 

carried out to promote sustainable port transport at international level are  

 Promotion of cabotage. Various incentive measures, such as rebates on ship, passenger 

and cargo charges, are established to promote short sea shipping.  

 Promotion of the railways. Various measures are established to encourage modal 

exchange between maritime and rail transport.  

 Improving access. Aspects linked to the land accessibility of the port are included in the 

Master Plans.  

 

The aim of this article is to relate sustainability to management through an integrated 

study of the management indicators of the container terminals in the Spanish port system and 

environmental indicators. 

 

 

2.  ART FRAMEWORK 

 

Key Performance Indicators (KPIs) are management tools widely used by companies 

around the world to measure and evaluate the performance of their processes and manage them 

in the most effective and efficient manner, with a view to achieving the goals and objectives 

previously established by the organizations. This indicator should be calculated by an index 

(usually represented by a number) that portrays the progress of the process as a whole or in part. 

To be a realistic indicator, each KPI should be based on a reasonable target and should change 

over time as the business improves.  

On the other hand, the concept of sustainable development is broad and abstract. It began 

as a search for compatibility between economic development, protection and appropriate use 

of natural resources. This new concept brought about significant social, environmental and 

economic change by including environmental issues that had never been discussed before. 

However, this vision was extended to other dimensions, so that the definition has evolved, 

involving more areas of knowledge. In the last two decades of the 20th century, increased social 

demand for greater transparency in the information provided by organizations has led to the 

evolution of sustainable development. In the case of the transport sector, this concept is being 

applied in an emerging way, driven by initiatives that incorporate the environmental variable 

and social responsibility into the strategic management of companies. The long-term objective 

is to maintain a balanced role, seeking joint development of the economic, social, environmental 

and institutional dimensions.  
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Thus, from the exclusive point of view of sustainability, there are 4 characteristics: 

environmental, economic, social and governance  

Sustainable development is a broad and abstract concept that starts with the search for 

compatibility between economic development, protection and adequate use of natural 

resources. In the transport sector, this concept is being applied in an emerging way, driven by 

initiatives that incorporate the environmental variable and social responsibility into the strategic 

management of companies. In this context, maritime transport deserves special attention, where 

sustainability criteria are already incorporated into the policies promoted by the Port 

Authorities, so that port sustainability has its roots in the GRI (Global Reporting Initiative) 

proposals that integrate the four dimensions [6]. 

Therefore, sustainable management should be understood as "that which allows the 

volume of container, solid and liquid bulk, general merchandise and passenger traffic to grow, 

while at the same time reducing the consumption of energy and natural resources, the volume 

of waste generated and the negative impacts on social systems and ecosystems in the port's 

areas of influence".  

In this study, bearing in mind what has been said previously, and being aware that 

sustainability encompasses four characteristics, the environmental characteristic will be 

studied. From the environmental point of view, the following is analyzed: what are the pressures 

or impacts of the activity on the environment and what are the actions to limit the impact.  

It should be noted that in the Spanish port system, the environmental management of the 

port is clearly conditioned by the public-private exploitation scheme. The environmental 

efficiency of the port does not depend solely on the port authority, but also on the rigour of the 

environmental management carried out by concessions, service providers and port users. In 

general, this competence rests on the autonomous communities, which are endowed with a 

sanctioning regime that allows them to act against possible non-compliance. However, the Port 

Authorities play a key role in the adequate environmental management of the port since they 

act as infrastructure managers, regulators, coordinators of the services provided and, especially, 

as leaders of the port community. To be able to analyze this characteristic (port environment) 

it is necessary to evaluate a series of factors that refer to: environmental management, air 

quality, water quality, noise quality, waste, eco-efficiency. 

The environmental sustainability indicators constitute a methodology for evaluating the 

impact of production processes on the environment. These indicators make it possible to 

quantify the degree of responsibility and environmental sustainability of an individual, 

organization or community. The source of the data should preferably be of public origin in order 

to guarantee its objectivity, and the available data should not be subject to restrictions or be 

ambiguous or unreliable. The indicators to be selected for a statistical classification analysis 

should have a number of characteristics [7]:  

 Relevant to what is being measured.  

 Objective, with no ambiguity about what is being measured  

 Auditable, to ensure reliability and verifiability.  

 Inequivocal, without the possibility of misinterpretation or re-interpretation.  

 Easily calculated, so that the information is easily accessible.  

 

There are numerous sustainability indicators, however, it can be said that among the most 

commonly used are: the ecological footprint, the carbon footprint, the water footprint and the 

social footprint. 
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Initially the KPIs analyzed in the ports were focused on the performance of the port 

authority, but gradually the indicators concerning the provision of services in the port have been 

introduced.  

The general trend in the analysis of the operation of a container terminal is to compare 

the international ratios and parameters that appear in the international literature on port 

operation and planning, criteria with which they are exploited, and thus to establish what a 

terminal moves away from or approaches in its operation to the values of these international 

parameters. For the characterization of the physical parameters of the terminals, it is necessary 

to obtain the data from the terminals themselves in order to have the real data from the operation 

itself.  

In the conceptual space of port performance, various terms are used, usually with little 

precision, such as traffic, capacity, productivity, occupation, efficiency... When dealing with a 

precise description of the current state of knowledge in the field, it is advisable to consider a 

terminological arrangement of the aforementioned terms. Thus, a possible classification of port 

performance proposes three types or categories of measurement: traffic measurements, 

productivity measurements and use measurements.  

 Traffic measurements express volumes handled per unit of time, without making 

explicit the resources used.  

 Productivity measurements express manipulated volumes (Production) per unit of 

resource and per unit of time.  

 Utilization measurements are ratios (e.g., berth occupancy rate), expressed as a 

percentage, between the use of a given resource and the maximum possible use in a time 

period.  

 

Thus, the capacity of an infrastructure or equipment is the product of a utilization 

measurement by another productivity for a time unit, which will be a function of the level of 

service required.  

The latest concept incorporated in the area of port performance, since the mid-1990s, is 

that of efficiency literature. Efficiency is understood as the capacity to achieve the programmed 

objectives with the minimum available resource, thus achieving its optimization or, 

alternatively, it can be expressed as reaching the maximum objective with the available 

resources. The set of categories and standard indicators to measure port performance can be 

reclassified according to the use or objective of the corresponding standard indicators. Thus, a 

distinction can be made between short-term performance measures and long-term performance 

measures. Short-term measures (basic or individual) are those that characterize the quality of 

service provided to a particular vessel or land transport vehicle. They are monitored by the 

terminal control in real time, so that decisions can be taken in parallel to adapt the service to 

the customer's needs.  

Long-term measurements (aggregate or collective) are those that characterize the quality 

of the service provided in a period of time (month, year). Their monitoring and control by the 

port or terminal manager is carried out with the aim of planning medium and long-term actions. 

 

 

3.  METHODOLOGY AND ANALYSIS OF RESULTS 

 

The methodological development of the research is summarized in Figure 2. 
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Figure 2. Methodological schedule 

 

 

3. 1. Determination of the work scenario 

 

To carry out the study, the Spanish terminals with the greatest movement of TEUS were 

considered, using the annual reports of each Port Authority. However, given that some port 

authorities have more than one container terminal, the Port Authorities that move the greatest 

number of TEU were considered, the list being as follows  

1) Port Authority of the Bay of Algeciras: APM,TTI  

2) Port Authority of Valencia: Noatum Valencia, MSC, APM(TCV)  

3) Port Authority of Barcelona: APM(TCB), BEST  

4) Las Palmas Port Authority: OPCSA, LA LUZ  

5) Port Authority of Bilbao: Noatum Bilbao  

6) Port Authority of Santa Cruz de Tenerife: CAPSA, TCT  

7) Port Authority of Vigo: TermaVi  

8) Port Authority of Alicante: TMS 

 

Figure 3 shows the terminals, obtaining the KPIs from these terminals has been easier, 

but the environmental indicators have not been as direct, since many terminals do not provide 

the data required for the study. 

As previously mentioned, in order to analyze the environmental characteristics of ports, 

it is necessary to evaluate a series of factors that refer to: environmental management, air 

quality, water quality, noise quality, waste, eco-efficiency. Below we will develop how the data 

on the different aspects in the environmental field have been obtained.  

The first thing that is done is to classify the terminals according to whether they have an 

EMAS or ISO 14001 environmental management system, as established by the 2019 Business 

Plan of Environmental Objectives and Indicators of State Ports. ISO 14001 [8] is the 
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international standard for environmental management systems (EMS), which helps your 

organization to identify, prioritize and manage environmental risks as part of its normal 

business practices. ISO 14001 has been designed to be implemented in any organization 

regardless of its size, sector and geographical location.  

EMAS is a voluntary tool available for any organization operating in an economic sector 

in the European Union or outside the European Union that wants to take environmental and 

economic responsibility, improve its environmental performance and communicate its 

environmental results to society and stakeholders in general. The study shows that out of the 14 

terminals in the study, only 4 terminals have the EMAS management system. 

 

 
 

Figure 3. Terminals considered in the study. Associated traffic 

 

 

3. 2. Database generation 

Each database is composed of one or more tables that store a set of data. Each table has 

one or more columns and rows. The columns keep a part of the information about each element 

that you want to keep in the table, each row of the table forms a record. With the data of the 

indicators described in the previous point, the database has been developed in such a way that 

it allows saving large amounts of information in an organized way so that it can be easily found 

and used later. Therefore, a series of organized and related data has been generated, which are 

collected and exploited by the information systems 

The environmental indicators used are noise quality, air quality, waste management and 

energy efficiency. Thus, considering the 14 terminals, the indicators are obtained: 

Acoustic quality: For the acquisition of this indicator, an overall estimate is made of the 

results of the acoustic maps of each city. Therefore, as the maps are only available by city, this 
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value will be referred to the port authorities instead of the terminals. In the acoustic maps the 

information is detailed as follows: 

 Lday (Ld) is the A-weighted long-term average sound level as defined in ISO 1996-2: 

1987 [9], determined over all day periods of a year.  

 Levening (Le) is the A-weighted long-term average sound level as defined in ISO 1996-

2: 1987 [9], determined over all the evening periods of a year.  

 Lnight (Ln) is the A-weighted long-term average sound level as defined in ISO 1996-2: 

1987 [9], determined over all the night periods of a year.  

 Lden (Day-evening-night noise indicator) is the noise indicator associated with the 

overall annoyance, expressed in decibels, which is determined by applying equation (1):  

 Lden = 10 Log (1/24) (12x10 Lday/10 + 4x10 (Levening+5)/10 + 8x10 (Lnight+10)/10) 

(1) 

 

Where: 12 hours during the day, 4 hours in the afternoon and 8 hours at night. The hourly 

values for the start and end of the different periods are 7.00-19.00 for Ld, 19.00-23.00 for Le 

and 23.00-7.00 for Ln, local time.  

In this way the decibels measured in the area near the port are obtained, and with it the 

terminal, because if the decibels measured in the authority are 60, they will also be 60 in each 

of the terminals of that authority, therefore it is extrapolated for each terminal (Table 1). 

 

Table 1. Decibels per terminal. 

 

Port Authority Name of the terminal Acoustic quality 

Algeciras APM 52.5 

Valencia Noatum Valencia 60 

Valencia MSC 60 

Algeciras TTI 52.5 

Barcelona BEST 62.5 

Valencia TCV 60 

Barcelona TCB 62.5 

Las Palmas OPCSA 65 

Bilbao Noatum 52.5 

Las Palmas La LUZ (Boluda) 65 

Sta. Cruz de Tenerife CAPSA 62.5 

Vigo Termavi 65 
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Alicante TMS 62.5 

Sta. Cruz de Tenerife TCT 62.5 

 

 

The air quality: In this case, a value ranging from 0 to 300 is obtained according to the 

ICA (Air Quality Index). The air quality index is an indicator that serves to inform about the 

air quality in a clear and simple way. To obtain the AQI, a control and monitoring network is 

available that measures a series of parameters, such as the pollutants SO2, NOx, CO, PM10 and 

O3, in real time. The set of values that the AQI can take are grouped into intervals to which a 

characteristic pattern or colour of the air quality in a given area is associated. It is divided into 

five categories, which define the air quality status in: Very Good, Good, Improvable, Poor and 

Very Poor. The results obtained for each Port Authority are shown in Table 2. 

 

Table 2. Air quality by Port Authority. 

 

Port Authority 
Air quality  

(ICA values from 0 to 300) 

TOTAL 

Ecoeficiencia 
Tn moved Kwh/tn 

Valencia 60 12176400.99 96861660 0.13 

Las Palmas 51 6506850.969 70995541 0.09 

Algeciras 40 8844987.538 47512963 0.19 

Alicante 36 5687019.973 20192621 0.28 

Sta. Cruz de Tenerife 36 6891907.961 31948743 0.22 

Barcelona 35 4328639.571 12957892 0.33 

Vigo 30 4095002.117 3861603 1.06 

Bilbao 29 1821944 3442581 0.53 

 

 

As the ACI is obtained at a given time, in order to obtain the definitive values in this 

investigation, an average is made with different ACI numbers over several days and finally the 

following data is obtained. Waste: In order to obtain a value for this parameter that would make 

it possible to compare some port authorities with others and to know what the general dynamic 

of the Spanish authorities is with regard to the management of their waste, the list of the 10 

measures proposed in the annual report of the State ports has been taken in its environmental 

dimension and the authorities are ordered according to the number of measures they have 

implemented. To find out how many measures each authority has implemented, look at the 

sustainability report of each port authority. In the present work, a first estimate will be made 

establishing a weight of 1 to each one of the measures; however, it is worth mentioning that a 

weighted value for compliance could be the object of another investigation.  
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Eco-efficiency: For the calculation of eco-efficiency, electricity consumption (kWh) and 

fuel consumption (L) have been calculated and a total is obtained, thanks to the equivalence of 

1kWh= 0.0991L of diesel oil. Once all the litres of fuel passed on to kWh have been taken, the 

kWh due to electricity consumption and the kWh due to fuel consumption are added together, 

with these total kWh a relationship is obtained between the authority's kWh and the total tonnes 

moved by the authority, and the values included in Table 2 are obtained. 

The next step consists of defining the KPIs to be studied. The general tendency in the 

analysis of the operation of a terminal is to compare the international ratios and parameters, and 

to establish what a terminal moves away from or towards the values of these international 

parameters in its operation. In this research, the KPIs established by the IAPH (International 

Association of Ports and Harbors) have been taken as the most appropriate indicators to be able 

to compare some terminals with others. From the study carried out by the IAPH, the KPIs to be 

used are obtained: TEU per metre of quay, TEU per hectare, TEU per crane quay, TEU per 

RTG, TEU per Straddle Carrier.  

Although the study carried out by the IAPH also included within these indicators the TEU 

per stowage and TEU per scale, in the present work they are not going to be taken into account 

due to the difficulty we had in finding the data without reaching any value with which to work. 

 TEU per metre of quay: Indicates the productivity of the quay. The higher it is, the 

higher the productivity of the terminal 

 TEU per hectare: Expresses the productivity of the esplanade.  

 TEU per quay crane: Indicates the operational productivity of the cranes that the 

terminal has on the quay.  

 TEU per RTG: Expresses the operational productivity of the RTGs.  

 TEU per Straddle Carrier: Indicates the operational productivity of the Straddle Carrier. 

Of the 14 terminals in the study, only four terminals have Straddle Carriers in their 

equipment. The rest opt for RTG 

 

3. 3. Methodological tools 

Two tools have been used to carry out this study: on the one hand descriptive statistics 

and on the other hand cluster analysis. Some concepts of descriptive statistics theory and cluster 

analysis are defined below, and it is explained how the normalisation of the indicators has been 

carried out for their subsequent comparison. 

The results of the graphs that have been made using descriptive statistics as well as the 

results obtained by cluster analysis are presented below. Two types of graphs have been made: 

In the first ones, on the abscissa axis, the terminals are placed in order from highest to lowest 

depending on the productivity indicator (TEU/m, TEU/ha, TEU/crane, TEU/RTG, TEU/SC) 

and there is a double ordinate axis, on the right side the KPIs are placed and on the left the 

environmental indicators. In this way, there are 4 graphs (waste, air quality, noise quality and 

energy efficiency) for each of the KPIs. This type of graph allows us to find the relationship 

between some indicators and the others. In the second ones, they are point pair graphs; where 

both indicators (environmental and productivity) have been ordered according to the TEU 

moved, to each value of the productivity indicator corresponds a value of the environmental 

indicator. The productivity indicators are placed on the axis of the abscissa and the 

corresponding environmental indicator on the axis of the ordinate. 
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3. 3. 1. Study using descriptive statistics 

Descriptive statistics: research whose purpose is: the analysis or experimentation of 

situations for the discovery of new facts, the revision or establishment of theories and their 

practical applications, is based on the principles of observation and reasoning and needs, in its 

scientific nature, the technical analysis of data to obtain reliable and timely information. This 

data analysis requires statistics as one of its main tools, so professional researchers and people 

who carry it out in one way or another require, in addition to specialized knowledge in their 

field of activity, the efficient handling of statistical concepts, techniques and procedures.  

A study of descriptive statistics has been carried out and only a few representative 

examples are shown in Figures 4, 5 and 6. It can be said that there is a direct relationship 

between the operational productivity measured in TEU/crane and the environmental parameter 

of sound quality. As operational productivity decreases, so does noise quality. 

 

 

 
 

Figure 4. Result 1 of sound quality obtained with descriptive statistics 

 

 

 
 

Figure 5. Result 2 of sound quality obtained with descriptive statistics 
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Figure 6. Waste result obtained with descriptive statistics 

 

 

3. 3. 2. Cluster Analysis 

 

 
 

Figure 7. Cluster analysis results 
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As for cluster analysis, it can be summarized by saying that it tries to obtain classifications 

of homogeneous groups. The work of Sokal and Sneath marked the beginning of clustering, 

which has spread to all scientific fields [10]. 

In the case of positioning and hierarchical analysis, cluster analysis is very useful for its 

versatility and simplicity. This type of analysis allows approaches to typologies of the study 

universe from various points of view according to their simultaneous relationship in the 

dimensions that have been defined. After performing the cluster analysis, the results obtained 

are shown in Figure 7. 

 

3. 4. Analysis of results 

Given that the objective of this study is to confront the environmental indicators and the 

KPIs and see if any relation can be drawn, it is necessary that they are all expressed in unitary 

terms. In order to relate the KPIs with the environmental indicators, each KPI has been taken 

and confronted with each of the environmental indicators. In this way, 4 graphs are obtained 

for each KPI, a total of 20 graphs for each of the studies.  

It was chosen to make double-axis graphs, where the abscissa were the terminals and on 

the right axis the KPI and on the left axis the environmental indicator. In this case, the terminals 

are not ordered by TEUs moved, but from highest to lowest depending on the KPI parameter. 

The environmental indicator is also sorted according to the corresponding KPI. Since KPIs are 

expressed in unit terms and a high value of KPI has a positive connotation, since it indicates 

that productivity is high, it is necessary to transform environmental indicators into unit values 

and express what is positive in high values and what is negative in low values. Below, we show 

how each environmental indicator has been expressed in order to arrive at what we were looking 

for:  

In the case of the 14 terminals, the sound quality has been obtained as the decibels 

measured in that area. The higher the value, the lower the sound quality and how it is to be 

expressed inversely. A high value for higher acoustic qualities has been scaled giving the 65 

decibels the value 0 (the worst) and the 45 decibels the value 10 (the best)  

On the other hand, air quality is expressed as a value from 0 to 300, where 300 is the 

worst air quality and 0 is the best. As in the previous case, the present study looks for the 

opposite, high values for good qualities and low values for bad qualities. In this case, we have 

simply inverted the values 0 to 300 and 300 to 0 and the other numbers are obtained 

proportionally.  

For waste management, the number of measures proposed by State ports for the correct 

management of waste is collected.  

Finally, energy efficiency is given in kWh consumed, as the high values are positive and 

the low values negative, energy efficiency is expressed in TEU/kWh and thus the more kWh 

the lower the parameter sought, since the higher the kWh the lower the efficiency.  

 

 

4.  CONCLUSIONS 

 

For the analysis of the descriptive statistics, 3 of the 16 combinations of productivity 

parameters with environmental parameters have been selected from those that can be most 

illustrative. The selection has taken into account the logical relationship that the parameters 
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may have a priori with the results of the comparison according to the graph of pairs of points, 

putting the productivity indicators in abscissa and the environmental indicators in order. 

 Spring productivity VS Waste 

Given the way in which the environmental parameters have been established with regard 

to waste, the cloud of points shown in this graph represents a comparison between the 

quay productivity of a terminal and the degree of environmental commitment to waste 

management by the port authority. It can be seen that for lower quay productivity there 

is a greater dispersion, and for similar values of quay productivity very different degrees 

of environmental commitment in waste management can be found; while for medium 

or high quay productivity the values of the degree of commitment are in more similar 

intermediate values.  

 Dock productivity VS Acoustic quality 

There is no relationship between the two parameters in the generated point cloud. It 

should be noted that the sound quality values, which are values that indicate the general 

sound quality of the area where the terminal is located, do not respond to measurements 

made in the terminal itself. 

 RTG VS Productivity Air Quality  

The point cloud shown in the graph indicates the independence between air quality and 

RTG's productivity. The relationship between the parameters is dispersed, which may 

be due in part to the fact that what is collected are the general air quality values of the 

area and not specific measurements of the terminal itself. 

 

In the cluster made only with the productivity indicators, six groups are formed, which in 

turn can be grouped into three (1 and 2, 3 and 4 and finally 5 and 6) 

 GROUP 1: 6 (TCV Valencia), 10 (LA LUZ, Las Palmas), 4 (TTI Algeciras)  

 GROUP 2: 11(APM Algeciras), 14 (TCT Santa Cruz de Tenerife)  

 GROUP 3: 9(NOATUM Bilbao), 12 (TERMAVI Vigo), 8(OPCSA Las Palmas)  

 GROUP 4: 2(NOATUM Valencia)  

 GROUP 5: 1(APM Algeciras), 3 (MSC Valencia)  

 GROUP 6: 13(TMS Alicante)  

 

The result indicates that the formation of groups in relation to productivity does not 

depend on the operating result of the total traffic moved by the terminal, which in turn is related 

to the size of the terminal. Thus, for example, in group 1, we have a terminal that moves about 

800,000, another that moves about 200,000 and the third that moves one million TEUs.  

From the results obtained from the study it can be concluded:  

 There are no records found in the sector that relate productivity parameters with 

environmental ones. While in the part of productivity, as it is a subject that influences 

in a more direct and immediate way in the economic results, the own terminals and the 

sector in general, for already a long time, have carried out measurements of the KPI, on 

the contrary, in relation to the environmental ones, with exception of the cases of 

terminals that have implanted system of environmental management type EMAS, they 

are not carried out measurements of basic environmental parameters; much less if they 

relate these with other parameters as those of productivity.  
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 The generation of the database has been very difficult. The productivity indicators 

(KPIs) are based on the parameters of the terminal itself, so generating the database has 

been simple. However, the environmental indicators are not found at terminal level 

(except in terminals that have an EMAS environmental management system) and have 

had to be estimated by making a first approximation, assigning the parameters of the 

port authority where the terminal or the area is located to the terminal. Furthermore, the 

difficulty is accentuated when dealing with non-homogenized reports and where the 

relevant information for obtaining these parameters is generally not available. 

 

The main limitation of the study has been the significant difference between the 

availability of some parameters and others. While there are specific productivity parameters for 

each of the terminals, in general there are no values for environmental parameters that would 

allow specific environmental indicators to be obtained for each terminal. 

KPIs are obtained from physical terminal data (quay length, yard area, number of pieces 

of equipment) and operational results (number of containers moved), which are available in all 

terminals. Environmental indicators require not only operational results but also measurements 

of environmental parameters, such as noise level, air quality, quantity of waste treated, etc. 

Except in the cases of terminals that have developed an environmental management system, 

these parameters are not available. Therefore, the relationship between the KPIs and the 

environmental indicators has had to be done by assigning the latter the best values available at 

this time, either values corresponding to the port authority where the terminal is located or the 

area where the terminal is located. Some terminals that have an EMAS environmental 

management system do have more detailed environmental measurements and data, but they are 

only four of the total fourteen selected, which does not allow a statistical and cluster analysis, 

a more significant sample of the whole would be necessary. Therefore, the limitation of this 

study is that it is a first estimate that allows us to reflect on the relationship that may exist 

between KPIs and environmental indicators, but it will require a more detailed analysis, in 

which the environmental indicators are obtained from parameters measured at the terminal. 

The contribution of this study is not the results obtained in themselves in the comparison 

made between productivity parameters and environmental indicators of the terminals, since 

these results suffer from the limitations referred to environmental indicators. However, it 

proposes a methodology for comparing both indicators and defines some relevant indicators to 

be considered both in terms of productivity and environmental performance. 

As regards the prospective of the indicators to be considered in container terminals, an 

integral approach should be sought that includes a related vision among the different 

parameters, both of productivity and environmental performance or others. Bearing in mind the 

lack of availability of environmental parameters that has emerged in this study, it is suggested 

that terminals should be encouraged to have these parameters available in the future, and it 

seems that the most immediate practical way is to encourage terminals to have an EMAS or 

similar environmental management system. 
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